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cumulus head a peared above the scarf, and at 6:24 but 
little of the S C ~  remained (Fig. 1). At this level was a 
band of shadow marking the level of t.he false cirrus 
clouds not f a r  west. The sun bein- near the horizon, 
this shadow was like a nnrrow girdre round the cloud. 
At about 6:26 anot.her cumulus head beside the large 
one made a scarf cloud, and at 6 :28 :30 it. n. petired above 

mnsa grew ra idly upward from the shadowy lower 

scarf cloud suddenly appeared above t.he rising column 
(Fig. 2); 30 seconds lat.er the cumulus ent.ered it, and in 
55 seconds more it appeared over the top. At 6:33:40 
the scarf was entirely gone. Sometime bet,ween 6 :39 :15 
and 45 a scarf appeared over anot.her cloud head; at 
6:40:5 the cumulus entered t>he scarf. At. 6:40:20 n 
second scarf cloud appeared above t.he first,. Then at 
6:41:30 the cumulus overt.opped t,he first. scarf, and at 
6:42:35 the second. At the same time R. seconclnry head 
risin toward the humid layer caused a fine three-leaved 

appeared. A minute later a t,liin sheet. of cirro-cumulus 
was seen approaching the t,liunderliead : at. 6 :45 :I 5 it 
reached the rising cloud and was there t1iic:kenad into 
scarf formation. A scnrf cloud was seen also on July 
12, at 55:5 p. m., and another on July 14, at 6 p. ni., 
on the rear side of a great cumulo-nimbus. 

On July lS, from a train window between Trenton and 
New Brunswick, N. J., I observed in the southeast a 
series of ten scarf clouds between 4:41 and 4:54 on the 
rear of one cumulus cloud. The surface wind was a 
moderate breeze from the southwest; at  the level of the 
base of the cumulus the movement was at  about 40 kilo- 
meters per hour; while at  tlie middle level, the move- 
ment was near 55 kilometers per hour, froiii the south- 
west. These velocity observatlons were taken on an ac- 
celerating train by noting the s eed at  which the clouds 

movement. The sheet of cirro-cumulus, alto-c.uniulus, 
and alto-stratus some distance above, was moving at a 
rate of less than SO kilometers an hour toward the nortli- 
east. Above this false cirrus ( 2) sheet were some ciims 
clouds with scarcely any perceptible forward motlon. 
The level of maximum velocit within the cumulus layer 

i t  was a t  this level that the scarf clouds formed. Above 
this hei h t  the to of the cloud seemed to have a dissolv- 

dle. Still higher, another stronger current from tlie west 
marked the top of the cloud; its resence was ii?dicated 

large cumulus robably did not esceed 3 or 3 kilometers. 

formed successively as cumulus rowths added them- 

cloud was seen just over one of the highest of the culiiu- 
lus domes. 

Cmclusions. 

the top of the scarf. Another hump of t Yl e same cloud 

levels. I watc R ed the air above the t,ip. At 6:30:25 t,he 

ma 2 cloud to form. By 6:43 t,he scarf clouds had clis- 

sto ped their apparent forwar cy motion and hevan to go 
bac P ward. The train was running parallel to ale cloud 

seems to have been at about t z e niiddle of the doud : and 

ing ten d encg, an a to move backward relative to the mid- 

by the ap arent eastward lean o f some projecting por- 
tions of t R e cloud. The total vertical thickness of the 

The ten sketcies P 
selves to the rear of the cloud. w t 5:05 a s m d  scarf 

(Fig. 3) show how the scnrf clouds 

These observations lead to three conclusions : 
1. One reason why the scarf cloud is infrequently 

observed is the ra idity of its formation and disap ear- 

observed July 13, between 6:22 and 6:43, was from two 
to three minutes onl and those of July 18, from one to 
two minutes each. krthermore,  only in the late after- 
noon do conditions seem to .favor their formation. 

ance. The total R uration of each of the sis scarf c f ouds 

2. The rapidly rising column of saturated air in a 
cumulus cloud appmreidy elevated the superincumbent 
layers. The time interval between the a pearance of the 

some measure of the distance to which this raising is 
effective. And the time the cumulus top takes in oing 

of the humid layer. The apparent rising motion of the 
cuinulus towers indicates an ascendin current, say, of 

termined iiistrunientally a t  Blue Hill Observatory). 
With the aver e interval of 30 seconds from the time of 

tance may be 300 meters. The thickness of the scarf is 
less than 400 meters, probabl less than half this, for the 
scarf is raised with the clou$ and also the cloud comes 
through before it beconies visible below. The diameter 
of the scarf may easily be 1 kilometer, yet it formed 

scarf and the entrance of the cumulus c P oud into it gives 

through tlie cap gives a rough measure of the thic %i ness 

7 meters per second (a value which t I e writer once de- 

appearance of P t le scarf to the entry of tlie cloud, the dis- 

is to be seen when tlie false cirrus advances 50 or 100 
kilometers before the oncoming thunderstorm; but rarely 
do we see a flat cloud overtake and surround the cumulus 
dome. Such was the case July 13; the great cumulus. 
cloud, like a mountain, interrupts the free flow of the 
wind. Perhaps these scarf clouds like the helm clouds 
of mountains are formed by the winds rising to pass over 
the dome, rather than by the up-push of the rislng cloud 
c01umn.~ 

S X / .  5-78.46 : /-. . ~ y . ?  
SOME FIELD EXPERIMENTS O N  EVAPOUTION FBOM 

SNOW SUEFACES. 
By F. S. BAKEB, Forest Examiner. 

[Utah Experiment Station, Ephraim, Utah, June 25,1917.1 

In the irrigated section of the Great Basin of the 
west.ern Unit.ed States, one of the chief factors affecting 
crop production is the amount of snowfall in the adjacent 
mountains, as melting snows give rise to most of the 
irrigation .water. Yo iniportant are these snows that 
annual surreys nre made on some of the more important 
watersheds in order to forecast, in a general way, the 
amount of run-off likely t,o be available. In other places 
windbreaks have been built in attempts to divert the 
driftino snow to certain watersheds. The amount of 
snow h a t  will be effect,ive in yielding water for use in 
blie valleys is therefore of considerable importance 
throughout this entire region. In making snow surveys 
it has, of course, been recognized that much of the snow 
wat,er is lost to surface run-off by evaporation and by 
xmolntion into the soil, but the magnitude of these hm has bever been determined. 

At. the Utah Forest, Experiment Station, located on 
bhe Mant,i National Forest in the mountltins of central 
Ut.ali, an esperiment is under wiiy dealing with the effects 
of graziw on the erosion of the high mountain ranges. 
Two s m d  drdnnge areas have been selected and eyui ped 

determine the run-off and amount.s of sediment that 
come from these areas during rains and seasons of melting 
snow. One area is t.o be grazed while the other is to be 
revegetated. One of the effect,s of reve etation will 

into t,he ground. This loss can not be directly determined, 
however, but as the amount of water on the areas in the 
form of snow is det.ermined by surveys and the amount 
of run-off is obtained from weir readmgs, the water lost 

a see MU Relngcmum In Meteorol. Ztschr., Mal 1912,2):242-3. 

with scdinient basins and weirs at  their lower en c! s to 

probably be to increase t,he percolat.ion o B snow water 



. .  
364 

Mean 
temper- 
ature. 

OF. 
17.8 
13.8 
24.8 

m9 

27.8 

16.6 

38.4 

15.0 

0.4 

aa. 0 
31.7 
24.1 

38. 1 
30.0 

34.5 
42.7 

38.0 
37.5 
33.9 
47.4 

33.4 

14.0 

! 
14.5 m. 3 
34. a 
27.2 

17.0 aa o 
B.8 
36. a 
30.0 
37.4 

2s. 5 

30.0 
25.0 
33.7 n. a 
40.4 
36.8 
34.6 

2s.8 
35. a 
M 4 
380 

24.8 
329 
a7.4 

35.8 

n. 8 
36. 9 

25.7 

27.0 
34.4 

a. a 

33.7 

37.7 

37.3 

P. 0 

P. 0 

MONTHLY WEATHER REVIEW. JULY, 1917 

Mam 
wind 

velocity. 
-- 

d4ia.lAr. ................... 
3.0 
6.0 

13.4 ................... ................... ................... za 

a. a 

a. 9 

a 7  

................... 
3.0 

................... ................... 
4.1 

2 7  
4.0 
3.4 

6.0 
7.4 

3.0 
6.0 

................... 

................... 
a 7  
4. a 
3.5 
6.0 

7.4 
................... 
................... ................... 

a. 6 ................... ................... ................... ................... .................. 
4.6 
3.1 
3.7 

3.3 

3.6 
6.3 

4.6 
3.1 
a 7  
0.9 

8. a 

................... 

................... ................... ................... ................... ................... 
1.6 
3.0 
2.0 
3.0 
2. 6 
4.4 
6.0 

3.7 
3.0 

3.7 

................... 

................... 
a. o 
4.a 

................... 
a 4  

11.6 

9.3 

1.4 
3.1 

5.0 

7.6 
8.0 

................... 

................... 

................... 
3. a ................... 

................... ................... ................... 
a6 

ao 

aa 

................... 
4.0 

4.6 
................... 
--- 

through percolation and evaporation together cnn be 
determined by subtracting the run-off from the water 
equivalent of the snow. Of this amount the quantity 
percolating into the soil could be indirectly determined if 
the evaporation were known. 
An investigation of the amount of evaporation from 

snow surfaces was therefore undertaken at the Utah 
Experiment Station in the winter of 1915-16. In this 
stud the evaporation was measured by the periodic 
w e i g h o f  a “hyaline” glass battery jar filled with 
snow. e jar was cylindrical with an inside diameter 
of 16 cm. and a depth of approsimately 25 cm. The 
walls were of heavy glass approximate1 5 m. thick, 

type of jar was used on account of its nonabsorption 
of heat and poor conductivity, as in even the best sub- 
stitute, white enameled pans, the snow melts considerabl 
on days when the [air] temperature never exceeds 33’ I? 
The jar was filled with snow and then sunk in the open 
until its to was flush with the general level of the snow 
surface. 8 was removed and weighed daily at S:30 
a. m. and 4:30 p. m., so that the diurnal and nocturnal 
evaporation was determined separately. The weight 
was determined on balances sensitive to 1 gm., which 
was e uivalent to rt depth of 0.002 inch of water in the 
jar. %he jar was refilled whenever the snow had fallen 

but clear and only slightly tinged wit Tl green. This 

appreciably below the rim, 
snow always on the top. 
clewing of about 5 acres in 
timberinwhich theexperiment 
the inclosure in which the meteorological instruments are 
ex osed, open to the sun during the entire day. 

$he meteorologicnl data used in the evaporation studies 
were gathered in connection with the regular work of 
the experiment. station, it being a Weather Bureau 
coo erative station. Air tem eratures were taken from 

and minimum thermometers esposed in a standard 
instrument shelter about 10 feet from the jar, the mean 
being taken from hourly readings. 

Mean wind velocity was t k e n  from the triple re ister 
records, the anemometer being located on top of the 
laboratory building 75 feet distant [and - feet above 
ground]. Humidity was determined daily at 8: 30 a. m. 
and 4:30 p. m. with a standard Weather Bureau sling 
ps chrometer. 

h e  observations on evaporation, air temperature, and 
wind velocit me shown in detnil in Table 1. Naturally 
no data co lllp d be obtained on days when snows occurred 
nor usually directly after. storms when the wind was 
strong enou h either to blow the light snow off or drift 

the work had to be discontinued, as the water from the 
snow would freeze a t  ni h t  and break the jars. 

storm periods, high winds, or the s ring thaw, but those 

until December 9 with three interruptions due to storms. 
The latter part of December and all of Janunr were 
very stormy and observations were not resume$ until 
Febnrary 14, 1916, after which they were continued to 
February 25. Snow lay on the ground a t  the Utah 
Experiment Station from November 7, 1915, to May 4, 
1916, a period of almost six months. 

The mean diurnal and nocturnal evaporation from the 
snow surface, together with the mean temperature nnd 
wind vdocity for the same period, are shown graphically 
in Sgure 1. Evaporation can not be strictly correlated 

a t % ermograph checked by 4 eather Bureau maximum 

it over the % attery jar. In  the latter part of February 

Ther mdt? ore no data were obtaine c f  for evaporation during 

obtained full cover the calm, c P ear days of winter. 
Observations i egan November 11, 1915, and continued 

TABLE I.-Obswaationa on mww evaporation, air tem mature, and wind 
velocity at Utah Forest Experinimt Station, Manti ht ioncrl  Forest. 
-- 

Data. 

1915. 
Nov. 11 

12 

13 

14 

15 

16 

li 

18 

19 

m 

21 

22 

23 

24 

25 

as 
27 

28 

29 

30 

Dec. 1 

a 
3 

4 

6 

6 

7 

8 

9 

1916. 
Feb. 14 

15 

16 

17 

18 

19 

20 

21 

aa 
23 

24 

25 

A. m. 
P. m. 
A. m. 
P. m. 
P. m. 
A. m. 

A. m. 
A.P. 
P. m. 
A. m. 
P. m. 
A. m. 
P. m. 

A. m. 
P. m. 
A. m. 
P. m. 

A. PI. 

P. P. ............ 
P. Y. 

A. 1. 
P. Y. 

........... 

............ 
A. P. 
P. 11. 
~ . m .  
P. m. 

. ~ . m .  
P. m. 
~ . m .  
P. m. 
A. m. 
P. m. 
A. m. 
P. m. 
A. m. 
A. m. 
P. m. 
A. m. 
P. m. 
~ . m .  
P. m. 

P. m. 
~ . m .  
P. m. 
A. m. 

P. m. 
~ . m .  
P. m. 
A. m. 
P. m. 
A. m. 
P. m. 
A. m. 
P. m. 

330 P. m. 
9:30 A. m. 
4:30 P. m. 
9:30 A. m. 
4:30 P. m. 

1 1 : ~  ~ . m .  
4:30 P. m. 

1000 A. m. 
490 P. m. 
9:30 A. m. 

8330 A. m. 
4:30 P. n. 
830 ~ . m .  

A. m. 
P. m. 

430 P. m. 

4:30 P. m. 

490  P. m. 

............ 

P. Y. 

........... 
A . M .  

P. x. 
A. II. 

........... 

........... 

........... 

........... 
490 P. 16. ........... 

........... 
4:30 P. Y. 

11:oO A. Y. 

........... 
830 A. %. 

........... 
930 A. Y. 

Velghl 
if jar. 

:mm. 
2.487 
2.482 
2,481 
2,473 
(11 
(1 )  

2,493 
2, rn 
2,406 

(1 )  
2.5M 

2E 

2E 
2G 

2.5118 

2.505 
2.491 
2.486 
2.601 
2.597 
2.587 
2.618 
3.610 
3.634 
2.629 
2.616 
2.775 
2.760 
(1) 

2. ?e9 
2,267 
(1 )  
(1J 
(1) 
(1) 

2,401 
2,397 
2.392 
2.383 
2,379 
2,376 

2,379 
2,372 
2 419 
2: 415 
2.410 
2,401 
a. 397 

( 1 )  
(1 )  
(1) 
(1J 

2.639 
2,636 
2 e37 
2 : w  

2% 
2.625 
2,617 

I538 
,535 
,530.6 
,549 
,746 
I 738 
,170 
,766.7 
, it3 
, i4R 
,794 
17% 
,812 
,811 
rw 
-217.4 
,216 
,210.9 
,067.1 
,065. a 
,057.7 

(11 
(1) 

, O X  4 
,069.2 
,085 
.m6 .om. 2 
,137.9 
,133.2 
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6 
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(*J 
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(9 

(9 

......... 
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(9 

5 
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3 

-3 
7 
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9 
4 

(‘1 

........ ........ ........ ........ 
(‘I 

-1 
2 
0 
7 
3 
8 

(V3 

(1; 

‘”e 
“jl ’ 

‘”1.9 

(‘i. a 
‘”a. 4 

“i. 7 

4.5 

8 

3 
3.7 

15.0 

7 

(*)1.4 
5.1 

7.5 ........ ........ 

3.4 

5. a 
_- 

__- 

Loss in 
depth. 

!rhalL- 
n4YuIlhs of 

inch. 

a 
......... 

10 

16 ......... ......... .......... 
8 

-8 
6 

.......... 

.......... .......... 
-16 

2 
6 
0 - 12 

10 
28 
10 

8 

16 
12 
10 
26 

30 

4 

.......... 
m .......... 

.......... 

.......... .......... 

.......... .......... .......... .......... .......... 
8 

10 
18 
8 
6 

-6 
14 

8 
10 
18 
8 

.......... 

.......... .......... .......... .......... .......... 
6 

-2 
4 

14 
6 

16 

a 

.......... 
6 
9 

6 
16 

6.6 
7.4 

.......... 

.......... 
3. a .......... 

18 

2 
14 

10.2 

3.8 

.......... 

.......... 
a. a 

15. a 
.......... 
.......... .......... .......... 

8.4 

4.8 
0.8 

9.4 
10.4 

.......... 

.......... 

Loss per 
how. 

Thou- 
smndtha of 

inch. 

1.25 
........... 

0. ia  
a. 00 ........... ........... ........... 
1.00 ........... 

-a rio 
a 76 ........... ........... 
1.00 
0. 25 
0.37 
0.00 

-0.75 
1.25 
1.75 
1.2s 

0.50 
2.50 

1.00 
1.50 

3.25 

1.87 

0.50 

........... 

.......... 
am 

.......... 

.......... .......... 

.......... .......... ........... .......... .......... 
1.00 
0.62 
225 
0.50 
0.76 

-0. a1 
1.75 

0.50 

1.13 
1.00 

.......... 
1. m 

.......... .......... .......... .......... .......... 
0.75 

-0.12 
0.50 
0.00 
1.75 
0.37 
a. 00 

.......... 
0.33 
1.30 

0.37 
200 

0.35 
1.35 

477 

1.75 

0.17 
1. a7 

0. aa 

.......... 

.......... 
i .7a 

0. i a  

.......... 

.......... 

.......... 

.......... 
1. m .......... .......... .......... 
1.58 

0.30 
0.85 

0.59 
1.30 

.......... 

.......... 

(*) Readings were tah-n in November and December at  a 3 0  a. m. snd 4 1 0  p. m.; in 
February, somewhat irregularly as noted. 

1 snowstorm. 9 Rafllled to top. 



Jar ,  1917. MONTHLY WEATHER REVIEW. 806 

with temperature or wind velocity as the factor of humid- the air f i s  the maximum vapor pressure a t  the tempeira- 
ity is also a variable quantity. The graphs in figure 1 ture of the snow la er, and t is the time of exposure in 

with 
cases in the work done a t  the Utah Ex eriment Station, 

be explained by the wind velocity curve, 
of November 19, of November 22, and The coniputed values, however, varied widely 
night of February 17 and the day of the nnd irregularly from the observed quantitim, the actual 

show that in this winter evaporation varied close1 hours. "his formu T a was used in a number of typical 

to test the applicability of the form 2 a to local condi- 
that where deviations occurref they 

tions. 

December February November 
I1 12 14 15 16 17 18 19 20 21 22 23 25 28 29 30 I 2 3 6 7 8 9 14 15 16 17 18 19 20 21 23 24 26 

N D N D N  D N D N D N D N D  D N D N D  D N D N  D N D N D N  D N D N D N D N D D N D N  D N D  N D N  D D N  D N  D N D  

Re. l.-Mem daytime and nlghttime evaporation Irom a snow surfxe in Manti Natlond Forest. Utah. Also, temperatures and wind velorities (miles per how) thfue., 
November 11,1915, to February 25,1916. 

Solid lines indicate contiiiious observations: broken lines indicate interrupted observations. 

18th. two or three times greater 

velocity, as on November 20, w-lien the devintion w:is:.:',$ 'Illis wa.s not due to high wmd velocities as t ey were 
apparently due to the grent change of huniidity acconi-:'j:: about the same ns those recorded by Rolf in Lapland. 

!?.:: It therefore a pews that so far as the writer's observa- panying a cyclonic disturbance. 
In figure 2 the evaporation is plotted on the basis of,,; tioiis go this ormula is of little value in attacking the 

temperature, the curve showing a rapid increase of evnp-r:.. problem of snow evaporation under conditions found in 
oration with rising temperature. In pre aring this graph .; 
the evaporation values for each day anznight appenTing ,''; 

In other cases it will be noted that the evnporn-l' evilporntion usually bein 

pppBtions. 
tion was in accord with neither teniperature nor wind;!p 't than computed, pnrticu P arlg a t  higher eva, 

P 

in fi re 1 were segregated into 5-degree roups, according 

Thus the mean hourly evaporation recorded on days nnd 
n' hts whose mean temperatures were between 10" nnd 

whose mean temperatures were 15" to 20" in the second, 
and so on. The widely varying values in each oup were 

gointa b e y d i c a t e d  by sma i  circles, which formed the 
asis for awing the harmonized curve. The mean 

hour1 diurnal evaporation for the period of observation 

for the same period. "he mean nocturnal evaporation 
with the corresponding mean temperature wes also nscer- 
tained. The first is represented by the X above the curve 
and the second by the X below. The fact thnt the diur- 
nal evaporation is higher than it should be considerin 
the mean diurnal temperature and that the noctuiiiit 
evaporation is abnormally low, can not be Sxplnined by 
wind velocit as the mean daytime velocity IS 4.52 niiles 

Eigher humidit a t  night and to the direct effect of inso- 

Rolf 1 has re orted a similar investigation conducted 

glass jars, from which forniulas were deduced for deter- 
mining the condensation upon a snow surfnce under a 
number of different condihons. For the winter season 
while the ground is entirely snow covered, his formula is : 

in which C is the condensation (evaporation when its 
sign becomes minus), F is the actual vapor pressure of 

to t F e mean temperature of the perioc T of evnporntion. 

15 % F. were placed in one group, those recorded in periods 

then averaged and the means lotted on the c !r :art, these 

was a s so determined, with the mean diurnal temperature 

5 
er hour an B the nocturnal 4.58, but must be due to the 

lation during t i! e day. 

in Lapland in w !l ich enameled pans were used instead of 

C +0.0174(F-f)t, 

1 E d f  B.  Note sur la eondensation et I'em rstlon ui SB roduisent t& Is surface 
p'mm duche de neipe. Ark. f. Mat., astron. sfysik, 3d. 9, 80.35, p. 41. 

We. 2.-Relatlon of evaporation to temperature at Mantl National Forest s t a t h ,  
Nov. 11,1915-Feb. 25,1916. 

the western mountain ranges. A possible source of inac- 
curacy lies in the nssumption worked out by Rolf that the 
tein erature of the superficial snow layer remains about 

actual snow-surface temperatures shall have been taken 
the results mny be more consistent. It seems certain that 
the difference in temperature between the snow and air 
would not be the same under conditions found in Lapland 
and those in the mountains o! Utah, where the humidity 
is much lower and the insolahon much more intanse. 

3.5 ti egrees (C.) lower than the surrounding air. When 
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Horton 3 concluded, after noting the evaporation of 

mow in the outer can of the standard raingage, that for 
fairly cold weather without heavy winds, m t h  air ususlly 
clear, the evaporation amounts to about 1 in& of water 
per month during the winter a t  Albany, N. Y. This is 
about twice the average monthly value obtained in Utnh 
by the Writer. 

Church 8 mentions a single iustnnce of excessive evapo- 
ration in Nevada where 0.1 inch of moisture was evapo- 
rated in a sin le night, with an average wind movement of 

Total euaporatim, winter of 181 6-1 B.-The figure capa- 
ble of the most practical application in this work is, of 
come, the total evaporation for the snow season. This 
value'has been obtamed in two ways: First, the mean 
dail evaporation of 0.0175 inch multiplied by the length 
of &e snowy season, 180 days, gives 3.15 inches as the 
winter evaporation. The s e e d  method is prob:tbly more 
accurate. For each 10-clsy period the mean temperature 
was ascertained, together with the number of hours with- 
out precipitation in which it was assumed that evaporation 
was taking place. Then by means of the curve in figurc 2, 
the total evaporation for.the 10-da period was deter- 
mined. By adding all of these periodrs together, the total 
of 2.80 inches was obtrtinecl for the winter. It seems 
evident therefore that under conditions existing a t  the 
Utah Experiment Station--and which may hold for all 
the higher arts of the mountains of Ut&-3 inches is a 
fair Sgure f or the winter evn oration of 1915-10. The 
water equivalent of the snow& in the same locality for 
the winter of 1915-16 was 21.91 inches, so that appro-xi- 
mate1 14 per cent of the total snowfall was evaporated 
into B e  au. ~n rn.zkin%careful snow surveys in the 
Great Basin this @re s o d d  prove of value, particu- 
larly in cases similar to the erosion and stream-flow expe- 
riment at the Utah Experiment Station in which the 
losses by percolation into the soil under different condi- 
tions are t o  be determined. 

meet of forests,-The effect of forest cover on evapora- 
tion can hardl be determined from these datrt, since it acts 

whidcould not be investigated in a satisfnctory manner 
on account of drifting and erosion during high winds. 
The few readings that were secured, however, indicate a 
considerable increase in evaporation with increased wincl 
velocit which Church's data also corroborate. Forest 
cover a % o reduces the direct insolation upon the snow tnd 

If 
golf's formula quoted above is based on sound principles 
it np ears that msolation would be an important fector i i  
acce P erating evaporation, depending chiefly on the rise in 
temperature of the surface snow. It seems probnble, 
therefore, that forests, by shading and checking the wind 
movement, diminish the evaporation from the snow cover 
egpecially in windswr t situations; but this may be 
partially counteracted il y the greater area exposed to 
evaporation by the snow clingin to the branches of the 

higher elevations throughout the Rocky Mountains. 

33 milea per % our, the temperature being below freezing. 

part1 throug i its influence on wind velocity, a matter 

robably reduces the evaporation in consequence. 

trees, particularly the conifers w B ich form the forests a t  

DABK DAY IN JAMAICA.. 

In the MONTHLY WEATHER REVIEW for January, 1917, 
page 12, Mr. Maxwell Hull, meteorologist to Jamaica, re- 

rted an observation of the dark day of May 19, 1780, 
E m  Jamaica. The editor there suggested that the obser- 
vation was perhaps that of the effects of a local or 
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near-by forest fire. Mr. Hall replies that  as there are 
no forest fires in Jamaica, the woods always being too 
green, the explanation must be sought elsewhere. 

55/. 5-94 
DISTANCE AT WHICH TWrJDEB CAN BE HEABD. 

The following observations by Cooperative Obaerver Clarence E. 
Miller, at Carlisle, Pa., have been condensed from a report received 
through Section Director Geo. S. Bliss, meteorologist in ch of 
the Philadelphia office. They furnish intereating evidence m T h -  
tify to the painstaking work of the observer. The following note of 
experiences in other countries is also of intereat, and may roue yet 
others to similar observations.-EDrroR. 

On the evening of June 27, 1913, between 7:30 and 
about 8:30 o'clock, dense clouds were observed moving 
north to south far east of Bloserville, Pa. and sharp 
lightning in the summits of these clouds developed within 
a few minutes into vivid flashes covering the whole 
cloud system. Thunder could be heard very faintly after 
sharp streaks of lightning; and soon there came an 
almost imperceptible breeze from the east * * *. I then 
did the best thmg I knew of to determine the distance 
of the lightning: I observed csrefully what appeared to 
be the heaviest streaks of lightning and counted a t  such 
a rate that every 5 counts would be equivalent to a 
mile [traveled by the sound]. Two others with me I had 
do the same thmg to check my counts. We kept this 
up for 10 minutes or more and were sur rised to h d  

lightning in from 170 to 175 counts. The time between 
flash and thunder was almost 3 minutes each time; 

that the report of the thunder followe 3 the flash of 

fact that  this 
along a line 

through Humelstown and Middletown, where it at- 
tsined great severity. This storm was therefore actually 
30 to 40 miles distant from us while observing it. 

On the night of July 1, 1913, a t  dusk I observed con- 
trasted against the dense, fog-like haze which had op- 
osed the sun's ra s for nn hour preceding sunset, a 

increasing in size. At dark I observed a flash of llghtning 
in.the cloucl, followed in a few minutes by another flash, 
and then b man p more in rapid succession, accompanied 
by heavy t%under. A number of persons were with me, 
and by counting the intervzsl between lightning and 
thunder we estimated the storm to be 10 to 12 miles 
distant. It lasted about half an hour and died out as 
rapiclly as it came up. The sound of the thunder was 
terrific and I am sure could have been heard a t  two to 
three times the distance we were from the storm. Later 
inquiry showed thiit this storm was the violent, tornado- 
Like destructive one thnt visited Carlisle, Pa., and that 
it was 10 to 12 miles distant. I nm certain the thunder 
carried twice as far. 

On the night of Au ust 18, 1913, we observed a storm 
southsouthenst of Boserville, K Pa., in the direction of 
Gettysburg, with vivid and continuous lightnink. Al- 
though there was a wind from the northeast [i. e., a 
cross wind], the thunder could be heard quite l a d y  a t  
times. 
been able to determine, but we could see plainly that it 
was not on the northern side [i. e., his side] of South 
Mountain which was 15 miles away, and the clouds 
suggested that it was considerably beyond the other side 
of that ridge. [It was therefore between 16 and 18, 
perhaps 20, miles distant]. 

pone small cloud o 9 very dark appearance and slowly 

The exact location of this storm I ?l ave not 


